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NATIONAL ADVISORY COfTIn FOR IMOTAUTICS

TECIffCAL WTIORANDUM NO. 1214

JET DI1FUION IN PROXITY OF A W.1J.

By D. T, Ch*mar n

When au:iliary Jot engines ere installed on ai _frames, as
well ac in some new designs, the jet an4inoe are nozited in such
a way that the jet stream eyzhaustc in close proximity -to the
fuselage. This report deals with the behavior of thu jot in
close proximity to a two-dimensional surface. The experiments
vere made to find out whether the axially symmet-,ic stream tonds
to approach the flat surfaco. This report is the last of a series
of fol'r partial test reports of the Gttingen progrm for
the installation of jet engines, dated October 12, 1943. This report
is the complement of the report on intaku in close p.,oximity to
a well.

I. ITRODUCTION

Considerable confusion still atten.s the int&Ulation of turbojet
engines as regards the discheaging jut, espec%11y "hen it comes
near other parts of the airplaxe anL. interferncc phenoena are
possible. ii the engine is mounted near to the fhulage, there is
apprehension that the jot will adhere to it ith conacquent
undesirable heating and possibly elso drig increase. The purpose
of the present report is to treat those probloms in somewhat ,.7eater
detail.

The feared 4et processes are caused by the necarese of the wall.
In order to secure more general and fi~ndtawntal data, all special
wall Zorms wero disrega rded rad the Jet waE meac.sred in Lhe
proximity of a flat wvll. This precluded the pr.ce-se. which
depend on the particular pressure distribution a:. the ll and
in the surrounding space. Furthermore, ,h-. wvurk w-as done on a cold
jet, principally on account, of experimontal facility. The extent
to which fundamental phenomena wore suppressed by it must be left

""Strahjtausbreitv in WandnEhe." Zentrmle fur Wisnenschaftliches
Berichtswessn der Luftfahrtforschung des Cwencralluftzeugmisters (3M) xes
Berl n.Adlerhof, Untersuchunin und Mittoi1'rn Nr. 3057, December 31, o
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to future experiments .3 Ac variable pcrameters there remain
the velocity of the jet, for which as criterion the Lemi velocity vA
in the exit of the engine model is chosen, and the otutor
ilo velocit7 v; and indeed it sugess itself to once consicler

the difference vA - v o and then the quotient vA/vo as significant.

Another parameter is the distance a of the exit cone from Lhe
wall (that is, the distance of the point of exit closest to the
wall from the wall), and lastly the design of the fairing, between
engine and wall will also play a part. in eve_.y cai.e, the th-'ee-
dimensional variation of the jet d.ownstream from the exit must be
measured.

II. CONYMSION TO OTER 0-MATING COITMIOM:S

In view of the multiplicity of potuntial vaiiaLA.ons, it is
desirable to establish simplifying connections. Foio practical
purposes it would be more advantageous to be able to use easily
mae static tests (without stream flow) a to all phses
with stream flow from it. Such a process is described in the
f ollowin:

It is asimied that the general state of flowi (v) results,
in first approximation, from the superposition oU the stream
flow (v o ) with the jet flow (v'):

v = v' + v o  ()

This implies that the jet dciffusion is to depend only on the
difference of the velocity In the Jot (vA) canc. ov'tsidO of the
jet (v o ), so that the velocity v in the form (\' - vo)/(vA - vr)
for fixed particles is independent of the operating condition.
A certain difficulty is involved in the finding of tho location
of these particles, that is, to pasa from the vlocity tarasform.-
tion (1) to the related transformation of the cooi±dinates. A
rectangular system of bod;, axes (x, y, z) is uoe& with x in
the floe direction and the time coordinate t, with x = 0 (plane
of exit) for t = 0. Thi space coordinates of the particles
are functions of the time. Thus for equal time intervals t we
get a relation between the coordinates x,y,z of the particle
in the general flow (v. j 0) an& the coordinutes xt,y' ,z t of
the flow without strean flow (v o = 0).

IThe problems of model similarity and reproduction of the hot-jet
in wind-tunnel tests are discussed in refer-Qncc 1.
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It further is assumed that transverse flow¢s can be disrejarded,
hence that the velocity has the direction of the x -axis, so that

y = y' and z = z'. This leaves the connection between x and t

and x' and t to be determined.

dx dx'V =-; V' = -

d dt

the velocity relfetion (1) then reads

dx dx' (3)
dt dt

rhich, integrated, gives

x(t) = xt(t) + vet (4)

In this equation t is yet to be eliminated end to be replaced
with the aid of (2) by means of the velocity vs = vl(x'yjz),
which is accessible to measurement:

Ixt (..1

t = / v'(x',y, )

In this manner the desired transfomation of the coordinates

S.'../d. (6)

d A v'(x',yz)

V0 0

follows from (4), made dimensionless with the diameter d of the
exit nozzle and the average velocity vAt = vA - vo  in the exit

nozzle. This transformation states that planes normal to the x-axis
are not maintained, but that according' to the vc.locitr distri
bution v'(x',y,z) the x dlisplacemenb for the faster particles Is
less than for the slower ones. In practice vt i/vA , would be
measured, the integration carried out, and the x corresp'onding
to xt caluclated by (6). There the area cf mall velocity would

cause ditiriculties, espocidlly for t'-he pointo x at 0, N/Y + za .2
since vt with x .O must approach zero in a certain way in order
that the integral may exist. Moreover, the naie ical evaluation
in this area requires extreme accuoacy of measurement.
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A detailed check of the practicability of these assumptions
was outside the scope of the present report. A tho-rougi discu.son -
with consideration of the transverse motions must be the object
of a special investigation. For the prosent, these assumptions
were, after several othev simplif'icaions, simply used as basis
for the test program. Since the potential cor'e with its high
dynamic pressures and presumably high temperatures is of part'.cu.lar
interest in the application, vt = constant was taken
equal to - vp' = YA - vo . Therefore,

x_ ' V o (7)
vA I- o - 1

This assumption is, of cotuse, Justified only for the region around
the Jet axis up to the dissolution of the poton* J. co'e; hoever,
in this region alone is the assumption of velociy perallel to
the x-axis satisfied. In view of the mixing motion, it would
physically be more logical if a mean velocity within the actual
mixing zone were regardcd as characteristic. The tranc:fo: ation (7)
has the advantage of alwakys permitting measurement in planes where
x = constant.

III. =1I1ENTA PROGRAM

In Lll tests, the difference VA - Vo was kept constant (= 33 m/s).

The first operating condition with zero stream velocit was:

State I: v o = 0; vA = 33 m/s; VA/v o =c:,; x = x?

the second, with comparatively low stream velocity:

State II: -,o = 11 m/s; vA = 44 m/s; yAf. o = 4; x = 1.33 x'

and the third, with ereater strerm velocity:

State III: v o = 33 m/s; vA = 6 6 m/s; vA/v o , ; x=?x'.

It was found during the me 'urcmonts that the states I End III
wore in most cases stff icient for on:plainlng th, principal processes.

The wall distances themselves were limited to a few valr.es, to
a = d (large ,.stance) eand a = d/2(zmall distano); for comparative
purposes, data with the Jot motor wre also measurec without a
wall (a =co).
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The lining between engine and wvall was ke-ft ecpeei allyr slender
in svera cae s ~nce Kinze' a tects hal] shown the iip.rtaxice of

adequate ventilation between je"t and wall. As contrast to thIn
itgood." f airing,, a particularly "poor" f airinp' wI3~s tisej (vig V)
These cowlin~s all ter.minated with the exit -lure of the pcorrer urlt.
In one instanlce, t'he vgood version was shifted baclowrd by -.d an'I
cylindrically c-at out toward the jet,, creLtng a type of "tunnel.I

A model engine with installed blowe:: was u;,ed.. The measuarciaerts,
made n tunel N .2, includeod total pressure Lm~d ctatio j,:crssu c

in y e-nd z direction through the jet rxi,,- ut vurinous distancess
x froan the exit nozzle.

IVr. MMELTS

It i2; founJ. that our ka-owled,3v of' tiubulent diffuvsion pro-C'esses
is in no way suf icient 'Uo explain Clefinj tely the individuval
phenomnena.

1. Withouit Wall

Figures 2 to 24 represent the velocity eist~lihutionn In the
jet at varioue distances from the exit nozzle for the thruec
o'orating con.tifonc. It povtrcys the convention at Ve r n o:.
Jet diffus -ion and. it must be conceded thut the eo simplifying
asuptions hold only very roughly. For- the .'.,A.uv2 eecrearc- ein

the poten;ial core with inc-oeasirw ditac th Lo r~sont
is practical, but t'oater differences oc!.ur in the torcnsforulet ion
of the mixing zone, wh-.ch is in q~encra. sialla- thun thu assumption
stipulates. If the coordinate relation (6) we~re mLorc a.,;cuctuly
takeon into accoiant Euid thus the P-:eetor values of x ascribed to
the areas of loveor veloctty, the cig-oemont wcild be be ter. Sti2mh
Wrement 'would then be Jbtainod iLn -Whc boundar-, 7on: If -thc mean

velocity in the mixing zone uere uaced as bacis, ~Uothe IczPations
in the potential core would bocomo pruaxcr. It lo r.aitLly apparent
that oxac;t ap2-eemont is at-tained in no int!.-u Cncc( t1ha , o'hci
Physical processes must also play a part. Th -, :e C.c-e erau in part
to the boudry laZcer on the; outc-: or*.*l.ie luC mwf.co .aL~c is rticularly
plain in stat e III and b.,- ,rhich the Jut is irmItiull,. wmrclopod bT-
a cushion of reterdced aL',; 'jut wi luh Lt Uho ontirc past history of
the outeide f'low is involved, sce thut mxo ronorral p:redictions mace
rendored extremolv r. Uimt. Mo-)-ecve.o., O-ufl .or roa~oNr of puru
poton~ial theory, a tl ~ffci ent Je.t sotms to- form uiith strc cm flew.
than without it. T.'hilo In otate T cetn~~l vclocit, distribution
deits in the oxit cone tnd a jet cmitrunt-on is rcarccl -noticeable,
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the latter is plainly evident in state Ill aei a velocity Increase in
the potential core. This geometrical jet deforuation sould be
induced by the share of the outer contour which (in ad2erin. flow)
gives the velocity at the edge of the nozzle an inwardl- directed-
radial component. The jet deformed. by the approach flo; d , voc, of
coiirse a different basis for the mixing of the jc.

. Lexge Well Di3tance

In this instance, tle faii 1nL vith it6 bjAundarj lay." and the
botindary larer at the wall itself aw-e involve. Fo, comparison,
the velocity distz'-ibution in the boundary leyer at the wall in
the unaffected state wao Plotted in the same manner as in the
diagrams of figure 5.

In analyzing the results with tLe good fafrine in figures 6
and 7 the section parallel to the wall (y direction) disclosoes
practically no deviations from the correspondJ.na c.Uatos without
wall. Only the planes normal to the wa1l (z aiction) manifost
at greater distance -from the nozzle minor differences izhich reveal
a slight travel of the jet toward the wall when no outside flow is
presont. But in state III Just the opposite occurs: The maximum
of the velocity distribution travels porceptibl- awvmy from the
wall. The wake flow of tho fairing is scarcely noticeable and
the boundary layer at the wall also appears to experionce no
substantial variation by the flow.

On the poo, fairing (figs. 8 and. 9) the coaditions are
different. Whlle in state I the jet still seems to move a little
nearer to the wall than with the good fairing, with st.:eam flow
it ceases to move away .rrn the wall ad moves into the dead-ali'
region introduced by the falring.

To get some idea of the form of the jet in the vnaious -1a!rns,

figue 10 represents the linus of equal volocit; in a section no-ual
to the flow, as well as was Doesible according to the measuremonts.
The good as well as the bad fairing shows a form no longe- axially
sytmiatrical, vrhirh, however, is flattoned out at the weal side
in the firot case and ovally pulled. tor&:d the erall i_ the other.
The movement of the velocity waximum in Jfferent .irections i-
plainly visible. According to this, it might be suspected. chat
the good ventilation of the space betrcen en:int. and wall vith the
good fairing forms a definite al.r cushion which pushos the jet
avV from the wall. This concept is supported by the conditions
in a horizontal section trxouoi the jut in fig-are ll.
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However, in spite of these dissimilarities, the effects exe
comparatively smaJl. In the iox mity of a flat wal.l, the
possibility of a ventilation ft:m the sides ic so great as to
preclude the existence of jet adhernnce even with an eaetremely
poor fairinc.

3. Short-Wall Distance

One noteworthy fact in that the aforeLDentioned rrocesses
are repeated with the short wa.ll distance, he-zce are not l.1miitcA
to the comparatively large distence from the well. As with the
good fairing, there is a slihb movement toward. the wall in
the absence of stream flow ana a movsment away from it with
increasing.' stream flay (figs.. 12 cnd 13).

The fairing i.rith tumol extending, bafkwta-d beyoncl the afterbodtr
of the engine ,mit is of practical intorest for th reason th&t
in many cases it is the only way to obtain a suficiently clongated
fom. This fairing likewise exhibits no markedk, unfavorable
behavior. The jet natural],, adheres in this caso at the turnnel
(figs. 14 and 15). This tunmel surface was therefore to havo
no projected area in the flight direction for reasons of resistcnce.
Since, however, the tunnel must be adapted to the form of the jet,
and this is not known at once for tile differont ongimn tunuts,.
difficulties may arise, so that, if at all possible, sn-'h a tunnel
fairing should be avoided.

It is pxerhaps not imm-iately comprehensible why in t-hese
measurements only these few gtneralized types of fairings were
investigated and the form of the fairing iot fw-,',her varied,
to establish, for example, which form coUd. be still desinunated
as good. According to the cited results, however, the solution
o such a problem does not appear possiblo at once, stnco it was
seen that geometrical conditions such as the form ni the afturbody
of the engine unit or the past history of the outea" flow haie some
effect on the phenomna, so that a separation of theJse problems
frcm the others for the installation of given conditions Ceens
hardly correct, and the Reynolds number and the tempc-z'tw:e
conditions would then also have to be taken intvo accoiunt: Hence
the limitation to basic experiments. That the conditiona in an
installed jet-propulsion unit are similar in the fundamental
Phenomena is shown by the wind-tunnel tests on an atuxiliury
turbojet ,nit model mountd below the fusel4e,. on the Heinkel 219
(reference 2). So, in order to be absolutely certain about the

b jet diffusion for a specific design, a test on the total model
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is probably unavoidable, and judged by past experiences, a water-channel
test is best suited for this purpose.

Translation by J. Vanier
National Advisory Committee
for Aeronautics
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Lines of equal velocity in jet
(y,z -plane normal to approved flow)

With wall, a d;
good fairing
State III
x/d =8

Exit

Wall

With wall, a =d;
bad fairing Exit
State III
x/d

0.9

wall

Figure 10.
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